Objective To determine the impact of a simple educational package for general practitioners on adherence to antihypertensive drugs. Design Cluster randomised controlled trial.
INTRODUCTION
Hypertension is one of the most common risk factors for cardiovascular disease and has one of the highest attributable risks for death worldwide.
1 2 Despite well established benefits of lowering blood pressure, and the existence of several national and international guidelines on detection and management of hypertension, control remains poor. 3 Half of patients with hypertension in the United States reported receiving drugs for lowering blood pressure. However, only 30% had their blood pressure controlled to the conventionally recommended target of less than 140/90 mm Hg. 4 The situation is much worse in developing countries, where the prevalence of hypertension is high and blood pressure control rates are extremely low-for example, about 6% in China and less than 3% in Pakistan. 5 6 Suboptimal practice patterns by doctors, leading to inadequate adherence to antihypertensive drugs by patients, have been implicated as important contributors to poor blood pressure control. [7] [8] [9] Our previous report on a national survey of general practitioners in Pakistan identified serious gaps in knowledge and practice regarding management of hypertension. 10 Similar findings have been reported from developed countries. [11] [12] [13] We did this study in Karachi, Pakistan, to assess the impact of special educational training of general practitioners in the management of hypertension on adherence to prescribed antihypertensive drugs and to determine the practice patterns of doctors that contribute to adherence to antihypertensive drugs. We hypothesised that adherence to antihypertensive drugs by patients seeking care from general practitioners specially trained in the management of hypertension would be higher than in those seeking care from general practitioners providing usual care.
METHODS
This study was a substudy of a cluster randomised controlled trial with a factorial design to determine the impact of family based home health education and specially trained general practitioners on blood pressure. However, the substudy was limited to the clusters not randomised to home health education, as this intervention was expected to have only a modest effect on adherence independent of training of general practitioners. The sampling frame has been described previously. 14 In brief, using a multistage random sampling technique, we selected 12 out of 5000 geographical census based clusters in Karachi (250 households in each cluster). If a selected cluster was less than 10 km from a previously selected cluster, we replaced it with a new cluster to minimise the risk of contamination by the intervention. From these 12 clusters, we used computer generated codes to randomly assign three each to special care by a general practitioner, home health education, both home health education and special care, and usual care by a general practitioner. We chose the six clusters without home health education for this study. We needed a sample size of 109 participants in each group to detect a difference in adherence of 20% (α=0.05, β=0.20), using a design effect of 1.5 to account for clustering by general practitioner, an estimated intraclass correlation of 0.015, and a 75% response rate. 15 
Intervention
We invited all general practitioners located in clusters randomised to special care to attend a one day intensive training session on hypertension. This focused on standard treatment algorithms for the management of hypertension based on the seventh report of the Joint National Committee (JNC VII) and the report of the Fourth Working Party of the British Hypertension Society modified for the Indo-Asian population. 16 17 Components of the course included non-pharmacological (diet, exercise, weight loss, smoking cessation) and pharmacological interventions; prescribing low cost and appropriate generic drugs; preferential use of single dose drug regimens; scheduled follow-up visits; stepped care approach for titration of drugs to achieve target blood pressure levels; and satisfactory consultation sessions for patients, with explanations of treatment and use of appropriate communication strategies. The recommended target blood pressure was less than 140/90 mm Hg for all patients. Although this diverges from the recent guidelines for special subgroups (people with diabetes, those with end organ damage), we reasoned that we needed to keep the intervention, guidelines, and targets simple for both patients and practitioners in a setting in which blood pressure control rates are less than 3%. Training sessions for general practitioners used case scenarios and were interactive. We provided blood pressure treatment manuals and easy to read mountable treatment charts. All general practitioners took pre-training and post-training examinations. A certificate of training was offered at the end of training.
Inclusion and exclusion criteria Eligible participants were people residing in the selected clusters, were aged 40 years and above, had been identified as having hypertension in the parent project, had visited their general practitioner within the previous month, and had been prescribed antihypertensive drugs (that is, those in whom adherence could be assessed with reasonable accuracy). We excluded pregnant women, people unable to give consent, and bed bound patients.
Screening visit (parent study)
In the parent study, trained community health workers paid home visits to all homes in the selected cluster. They used a structured questionnaire to collect demographic, lifestyle, and medical information on all people who gave informed consent. They measured blood pressure twice, 20 minutes apart, with a calibrated automated device (Omron HEM-737 BP Monitor) in the sitting position after five minutes of rest. People with high blood pressure, and not taking antihypertensive drugs, were visited again for re-measurement of blood pressure. All measurements were made to a standard protocol that conforms to the international standards for definitions and measurements. People with hypertension (mean systolic pressure ≥140 mm Hg or mean diastolic pressure ≥90 mm Hg on both visits, or taking antihypertensive drugs) were advised to consult a local general practitioner. Participants in the special care group were given a list of specially trained general practitioners within their cluster to choose from. Participants were blinded to intervention status (training of general practitioner). Flow of participants in adherence study
Study profile. Special care=care given by general practitioners (GPs) intensively trained in management of hypertension; usual care=standard care given by GPs in community. *Death from heart attack. †Death from stroke
Recruitment visit (adherence study) Recruitment to the adherence study started six months after the screening visit. We sought informed consent for this study. We used a standardised questionnaire to collect information from the patients on their demographics and attitudes and on doctors' practice patterns. This questionnaire was informed by other international surveys and was rigorously pretested on 20 participants in a similar population to the study population. 18 19 Trained community health workers provided medication event monitoring system (MEMS) bottles (Aardex, Switzerland), an electronic monitor that records the exact time and date of each cap opening sequence, with detailed instructions on the use and storage of the bottles. 20 21 Patients taking one type of antihypertensive drug were given one bottle and those taking two were provided with two separate electronic monitors.
Follow-up visits Community health workers followed up all participants on three occasions for a total of six weeks, at the end of weeks one, three, and six after recruitment. At each follow-up visit, they measured adherence to drugs by downloading data from the MEMS on to a computer with a communicator device and using PowerView software to summarise the data. The MEMS were reissued to participants at each followup visit, and participants were asked about any unintentional openings of the cap. This information was recorded on the data form to minimise the reporting of false events. Protocol violators were those who failed to use the MEMS as advised, either owing to difficulty in opening the caps or by taking prescribed drugs from the leaf instead of the assigned bottles. Outcome assessors were blinded to the randomisation status of participants.
At the final visit, community health workers trained in standardised measurements of blood pressure measured blood pressure in a subset of 112 randomly selected patients (55 from the special care group and 57 from the usual care group), according to the same method as in the screening visit. These community health workers were also masked to the randomisation status.
Statistical analysis
The primary outcome was "correct dosing of drugs," defined as percentage of prescribed doses taken during the monitored interval. This was updated on all three follow-up visits over six weeks, and we used all available values for the analyses.
We used SAS version 9.1 for statistical analyses, accounting for clustering at the level of the general practitioner within each cluster. 22 We compared the distributions of patient related variables between those who were randomised to special care versus usual care by using analysis of variance for continuous variables and the χ 2 test for discrete variables. We used nested mixed model analyses of variance to test for significance of the effect of special care versus usual care on the primary outcome. 23 We followed the intention to treat principle. We analysed data on all patients enrolled at the start of the study in the two randomised groups for the time they were followed in the study (n=200).
We tested patient related and doctor related factors and retained them in the models if they were significantly associated with adherence. Candidate patient related factors were sex, age, educational status, occupation, marital status, socioeconomic status, family type (extended versus nuclear), and belief in the value of antihypertensive drugs. Doctor related factors were consultation time, the cost and frequency of drugs, explaining the name and the purpose of the drugs, and the doctor's attitude (satisfactory or not). We considered a P value of <0.05 to be statistically significant. We report means and 95% confidence intervals for each of the significant factors, adjusted to the mean values of the other variables in the model. We developed two models-one including only the patient related factors and the second including both patient and doctor related factors to explore the components of the training that were significant.
We did sensitivity analyses on participants who successfully completed the six week follow-up as per protocol (n=178), restricted to those without missing information on adherence, and on the entire dataset (n=200) after substituting missing values with the unadjusted and adjusted mean adherence values obtained in the usual care and special care groups. We determined the lowest level of adherence for missing values for which the adjusted difference between the two groups was still significant.
We also did a supplementary analysis on a subset of 112 patients to assess the effect of improved adherence (defined as those who took at least 50% of the prescribed drugs, based on the top third of patients for adherence) on blood pressure. The blood pressure readings in these patients were taken as part of the parent study within a month of the last visit for measurement of adherence.
RESULTS
Of the 1685 households in the six clusters included in this study, 1560 households agreed to participate in the parent study (response rate=92.5%). From these households, 1631 people were aged 40 and above, of whom 721 (44.2%) had hypertension (figure). During the recruitment visit for the adherence study, 217 (30%) of these people with hypertension reported having visited their general practitioner during the previous month and being prescribed antihypertensive drugs. These people were eligible for enrolment; 200 (92.1%) of them consented to participate in the study. We analysed data on these participants on the intention to treat principle.
During follow-up visits, five deaths occurred (three in the special care group-one from stroke, two from heart attack; two in the usual care group-both from heart attack; P=0.50), 15 participants were withdrawn from the study owing to protocol violations (14 in A total of 36 out of 55 invited general practitioners in the special care group received the training programme. The average score in the pre-training examination was 32.3%; this increased to 63.2% after training (P<0.001). The average time lag between training of doctors and referral of participants was six months; 98 (98%) patients in the special care group sought care from the 36 trained general practitioner. The training status of the general practitioner attending to one patient in the special care group could not be verified. Patients in the usual care group were treated by 42 general practitioners. Thus, the patients were treated by 78 general practitioners: 36 in the special care group and 42 in the usual care group.
Patients' characteristics did not differ by randomisation group (table 1) . Among the doctor related characteristics, the reported consultation time was more likely to be 10 minutes or more in the special care group than in the usual care group (65% v 51%; P=0.04) (table 1). The general practitioner was more likely to explain the purpose of the drug to the patient in the special care group (37% v 17%; P=0.01). Notably, drug costs did not differ between the groups.
The intraclass correlation coefficient for adherence to antihypertensive drugs for clustering at the general practitioner level was 0.06 (95% confidence interval 0.00 to 0.16). Patients randomised to special care took a greater percentage of the prescribed drugs than those randomised to usual care (48.1%, 95% confidence interval 35.8% to 60.4%, versus 32.4%, 22.6% to 42.3%; P=0.048) (table 2). Key patient related factors that influenced correct dosing were the educational status of the patient, belief in taking drugs, and encouragement by the family to take the drug. The key doctor related practice was explaining the purpose of the drug(s) to the patient (table 2). In the multivariable model, these factors remained independent predictors of correct dosing. The R 2 for the model was 73%.
Sensitivity analysis showed consistent results for per protocol analysis in the dataset restricted to participants with all follow-up data (n=178) (adjusted mean percentage days correct dose 49.8%, 38.4% to 61.1% for special care; 25.4%, 24.3% to 46.5% for usual care; P=0.02) and in the entire dataset (n=200) when we used imputed adherence levels ranging from 100% to 6% for those who withdrew from the study in both groups. In the subgroup analysis, the falls in systolic blood pressure (8.3 mm Hg; P=0.04) and diastolic blood pressure (3.8 mm Hg; P=0.1) were greater among those with good adherence (≥50% of drugs; n=29) than those with poor adherence (<50% of drugs; n=83).
DISCUSSION
To our knowledge, this is the first report of a community based randomised trial to assess the impact of special training of general practitioners in the management of hypertension on adherence to antihypertensive drugs. We found that relative adherence in people seeking care from specially trained general practitioners was 50% higher than in those consulting untrained general practitioners. Achieved blood pressure was lower in participants who adhered to their drugs than in those who did not. The main doctor related factor associated with increased adherence was explaining the purpose of the drug(s) to the patient. However, this factor alone did not account for the greater adherence (relative increase of 53%; P=0.03) to drugs in the special care group, and other factors need to be sought. Despite the increasing burden of mortality associated with chronic diseases, particularly in developing countries, reducing it remains a neglected millennium development goal.
1- 24 The national health survey of Pakistan (1990-4) highlighted the enormous burden of hypertension in Pakistan, with a prevalence of 33% in people aged 45 and above. Moreover, more than 70% of people with hypertension were unaware of their condition, and less than 3% had adequately controlled blood pressure. 6 25 The situation in neighbouring developing countries is quite similar. Trends show a rising prevalence of hypertension, reaching 24% among people aged 35-59 years in China, but rates of awareness (43%) and control (6%) remain grossly inadequate. 5 The public health services in Pakistan, as in most other regional developing countries including India and China, are dysfunctional. 26 27 The vast majority of the population in these countries seek care from allopathic doctors; private general practitioners are the frontline care givers and are visited about five times annually by adults in Pakistan. 6 25 A substantial portion of the cost of health care for patients in these countries is out of pocket, imposing a potential barrier to adherence to drugs. All drug classes are available in branded as well as generic forms. Previously, we reported marked deficiencies in the knowledge and approach of general practitioners in Pakistan relating to the management of high blood pressure and identified serious limitations in current practice, including the use of sedatives as first line antihypertensive agents by a quarter of general practitioner. 10 Studies on doctor targeted interventions on hypertension control worldwide have tested several different strategies, with heterogeneous results. 18 19 Benefits of training doctors on implementation of guidelines and prescription practices have been documented. 18 In the United States, the "hypertension specialist" programme of the American Society of Hypertension offers certification as "clinical specialist in hypertension" on verification of credentials and passing a qualifying examination based on a comprehensive specially designed curriculum. 28 The hypertension clinics staffed by these specialists have had a positive impact on control of hypertension. 29 Implications of the study Our results support the value of such training programmes and show for the first time that even limited training of doctors leads to better adherence to antihypertensive drugs in a developing country setting. This is probably because of the potential room for improvement in terms of both training of general practitioners and its impact on patients' behaviour. On the basis of epidemiological evidence, this is likely to translate into improved cardiovascular morbidity and mortality from better control of blood pressure, provided the programme and its benefit are sustainable in the long term. Thus, inclusion of continuing medical education activities at a national level in programmes for prevention of chronic diseases in other developed and developing countries can be recommended.
We also found that significantly more general practitioners in the special care group than the usual care group were spending at least 10 minutes consulting with their patients. Although consultation time was not independently associated with adherence, this strategy was part of the training package, which as a whole was found to be beneficial. Despite limitations of self reported consultation times, the findings are consistent with qualitative assessments of doctors' perceptions of their practices on other health outcomes. 30 The average consultation time with a general practitioner in the United Kingdom, where blood pressure control rates are less than 10%, is about 9. 4 minutes-twice as long in the United States, where control rates are 30%. [31] [32] [33] Healthcare planners need to keep these findings in perspective, given the tight budgets and clinic schedules of most public and private general practitioners worldwide.
In particular, our findings clearly underscore the importance of explaining the reasons for drugs in improving adherence, and this needs to be a key facet in clinical practice guidelines and training packages for general practitioners and other healthcare providers. Room for improvement also still exists in overall adherence, which was 48% among people seeking treatment from trained general practitioners. Other promising strategies, such as nurse led or pharmacist led care for hypertension control, could be potentially useful adjuncts for enhancing adherence. 18 Their benefits in developing country settings remain to be explored.
Limitations
Our study had some potential limitations. Firstly, we did the study six months after the general practitioners were trained. This shows the persistence of a single education session in the medium term but does not test the long term beneficial effects. This needs to be tested formally; if attenuation does occur, this would support the need for follow-up training. We also need to assess whether long term impacts of changes in adherence and in blood pressure control translate to fewer cardiovascular events. Secondly, opening of the MEMS bottle does not necessarily ensure that the patient takes a pill, and the bottles are subject to potential manipulation. Constant reminders on how to use the bottles should have minimised this risk. Similarly, knowing that adherence is being assessed may inflate actual adherence. We would expect these potential effects to be balanced between randomised groups and not bias the conclusion.
Thirdly, inclusion of only participants who attended the general practice clinic within the previous month (30% of hypertensive patients) introduces a selection bias against those who do not seek medical assistance. However, given that, on average, adults in Pakistan visit a general practitioner frequently, and that the characteristics of our study population are comparable to people with hypertension from the general population of Pakistan, we believe that our findings would be generalisable to the population at large. 6 Fourthly, more patients withdrew from the special care group than the usual care group as a result of protocol violation. However, the results of sensitivity analyses indicated no difference in overall results in an intention to treat analysis that included the available data on all available visits as well as the per protocol analysis on those with complete follow-up and after imputation of missing data by adherence values that were much below the mean adherence observed in the usual care group. Thus, we believe our findings are robust.
Finally, information on doctors' practice factors was collected from the patients up until one month after their visit and may be subject to recall bias. Again, this should be equally balanced by randomisation. Moreover, we did not collect information on the demographics of the general practitioners, such as age, years since graduation, and length of practice. However, our purpose was to focus on modifiable doctor related factors potentially related to adherence. In addition, we did no external validation for either patient related or doctor related items on the questionnaire, and the study may not have had sufficient power to detect the association of some of these factors with adherence. However, the study was powered to find an important difference in the primary outcome.
Strengths
Strengths of our study include the use of a population based setting, random selection and randomisation of study groups, blinding of patients to treatment assignment, use of electronic MEMS bottles for measuring adherence, and measurement of adherence over a cumulative period of six weeks rather than at a single point in time. In addition, consistent with our previous experience, we saw high response rates, probably reflecting the eagerness on the part of this population in activities with perceived benefits to their health in an environment in which free health care is not available. 6 14 We think that these strengths increase the validity and generalisability of our findings.
Uptake of our training programme by general practitioners was high, which may result from several factors. Firstly, as general practitioners are private contractors, they are competing with each other for business. A certificate from a prestigious institution, such as the Aga Khan University, is viewed as an advantage; conversely, general practitioners who do not have such a certificate may be at a disadvantage in terms of attracting patients. Continuing medical education courses are lacking in Pakistan, and opportunities for further education seem to be welcome. 10 This model of training of general practitioners could be usefully adopted in other developing countries as well, especially in Indo-China. Thus, our findings have implications for more than a third of the world's population.
Conclusion
Our study is the first to show that simple training of general practitioners in management of hypertension has a positive impact on adherence to antihypertensive drugs at a population level in a developing country. This in turn improved blood pressure control. A key determinant was an explanation provided by the general practitioner of the purpose of drugs. Our findings provide strong support for continuing medical education in the management of hypertension, which should include simple yet important messages such as better communication between doctor and patient. Such interventions are ideal for the developing world, where the burden of hypertension is on the increase and resources are scarce.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Hypertension is a major public health problem globally Doctors in Pakistan have been shown to have serious gaps in knowledge of and approach to treatment of patients with hypertension Lack of adherence to antihypertensive drugs contributes to poor rates of blood pressure control
WHAT THIS STUDY ADDS
Special training of general practitioners with a simple educational package on management of hypertension led to significantly improved adherence among communities in Pakistan Simple interventions emphasising good communication between doctors and patients should be adopted by other developing countries
